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(54) OPTICAL PROJECTION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To secure a wide exposure area and a large aperture 
number, to provide a double side telecentric state and further to satisfactorily correct 
various aberrations by making the focal distance or the like of a lens group satisfy 
specified conditions. 

SOLUTION: This system is composed of 1st, 3rd and 5th lens groups G1, G3 and G5 
having positive refracting power and 2nd, and 4th lens groups G2 and G4 having 
negative refracting power. Then, a first lens L1 1 arranged on the most first face side in 
the 1st lens group G1 is formed into meniscus shape turning a concave face toward 
the side of a first face and the 5th lens group G5 is provided with at least one positive 
lens, gas lens La having negative refracting power and at least three positive lenses 
successively from the side of the first face. When Fa is defined as the focal distance of 
the gas lens La in the 5th lens group G5, Fi is defined as the focal distance of an i~th 
lens group Gi (i=1 to 5), and L is a distance on an optical axis from the first face to 
second face, the respective conditions of 0.1 5<-Fa/L<0.60, 0.05<F1 /L<0.50, 0.0K- 
F2/L<0.10, 0.20<F3/F1<1.20, 0.10<F2/F4<1.00 and 0.01 <F5/L<1.00 are satisfied. 
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[m*m i] mi mcom^m 2 m±ictst&Tz>i9t&yt¥ 
mmm 1 u >xt¥*cDg* mmm 1 HffljtK«*n&a 

1 U>Xtt, ^lfflflJtiIHlffl*|plftfe>X^^*^JBttfc 
1&£>IEU>X£:, M^JSW^Sr^o^frl/VXh. 

*»srsc:k*«f«fcf sans***. 

0. 1 5<-F a /L<0. 6 0 (1) 

0. 0 5<F!/L<0. 5 0 •••• (2) 

0. 0 1<-F 2 /L<0. 10 •••• (3) 
0. 2 0<F 3 /F 1 < 1.20 (4) 
0. 1 0<F 2 /F 4 < 1.00 (5) 

0. 1< (R al -R a2 ) / 

flu, R al : u>xw*©HufaMfr^>x©Buias 

R a2 : i!5 l/>XP4 3 ^HtjfBM I ^^>XcDfuH2^2MfJJ 

[R#E4] mmW>2 l/>XSit «*)HuI3«lM«li: 
«4>mrf3^2fflfiaK:ftHft 1/ >X£W L, aSFafi UVX 
©flic, SulB»lffl«*?>JIB«c, IEl/>Xh 2*kCDHV 
>X i: * /J>3& < £ * *-T * £ i: **S ft 4: T S HS*£ 1 > 

2 X(± 3 £fB«©SIB#3*«- 

[»*Ji5] wTo^iaue-racifcftWftfc-rsw 

SiK 2, 3X^4iCgB*©ei^7 I 6^^o 
0.12 5<-/?<0. 17 5 (9) 

aRUK 2, 3, 4Xtt5«CfB«©S»^^o 

0.65 < N A •••• (10) 

{SU NA :ia****CD<k««*nP»Tf»*o 

[0 0 0 1 ] 

mm^m tc ml, tc c ic m o ^ n 

[0 0 0 2 ] 

[ t** © am ] ebcd y ^ - > cd mio fb tr £ 
c\ ^x^^^Dtt^^»^cfl3v^^)^^5»»^^^c:J^L. b 

**n-5ttffit>STS-r«L < 6ot ST^5o dCDcfc 



0.0 1 <F 5 /L< 1.0 0 •••• (6) 

fiL, F a : nmms U >XS*©HufB^#: U >X©i 

Fj : mjfBfg 1 U >X»©*Kj£ffi«l 
F 2 : fuHB^ 2 U >X»®^ffi« 

f 3 : mmm 3 v yxnontmu 
f 4 : mmm 4 u >xmcomM^m 

F 5 : iJHB^ 5 U >XPCD^SBSt 

#a 1 fciB«©a****o 

-1< (Ri-Rz) / (R 1 +R z ) <0 (7) 
fiL, R, : ^ 1 U>XSf*CDHUH3^ 1 V>XcDh5IB^ 
1 Iil/>XI©ffl$*g 

R 2 : m 1 U>Xi¥f£>]iuia^ 1 U>XcDHUaB^2BfflS 
U>Xffl6Dft**g"e*So 

mn 1 x«± 2 tiiB«©«i5**»o 

ai+R«z) < 1 . 0 (8) 

omum (na) **g<fs-J:#*i6n-5e 

*ffl©*aSiiff«S, iJBCftfcoT, KrFxJpyYl/ 
-if— &4f7&saa#flTV>So — ^teftfMH, 

i*\ «f«?3 - 8 8 3 1 7f&«^1?H?4- 15 7 4 
1 2^&«&Jftcra^3*lT^£o 
[0 0 0 3] 

[«5BB* s )Wi*L«t-5 ii-rSRH] L#L&#*>, f^f'y^ 

h*fitffiL, iWflJ^-U-feV b U y^fcL, L**»iR3l 
S«»T^»^MiELI55iSEttHB«i:a«*#«*SI«-r 

[0 0 0 4] 

«iffl©***2ffl±«cs*-raa»* 

lUVXffifh, t©SJf*^oi2L/>Xff^, IECD 
S*T^*^o3l3 U>X8¥h. I©E«^ol4b 

mi i/>xit©«t»a 1 rsupjj^iEB^ti^ig 1 u 
> x« . 31 1 rffifjj ^ in] m s f^i it fe ^ ^ x jj 7s mx \z mm 
ztis S5i/>xs(t m 1 rriHi'j^^nitc, ^a:<fc* 

lft60.IEU>Xiis ft®JB#f*«^FO»ft:u>Xi:, ^ 

«c< i:t)3«C(DIEU>Xi:4g-^, lo, 

F a : 5 U>X*(DHufB»f*U>XC!)^IE(BI 

F s : » i 1/ >XSOMEB (i= 1-5) 
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L : 
0 . 
0 . 
0 . 
0 . 
0 . 
0. 



1 5<-F a /L<0. 6 0 
05<F 1 /L<0. 50 

0 1 <~F 2 /L<0. 1 0 

2 0<F 3 /F 1 < 1.20 

1 0<F 2 /F 4 < 1.00 
0 1 <F 5 /L< 1.00 



(1) 
(2) 
(3) 
(4) 
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[ooos] ft?, -&mM<Du>zmmk:^xm l wir 

**»o!B2 t/>XShI4 l/>X»tt, £ic^y^ 
-;i/SJ(Z)tfiIEtC»#L, f£B£¥ffitCLTOSo §21/ 
>Xf#hl3 b>X?Fte\ *ft*;ft,ft©JB*r:&i:IE©JB 

So 

[0 0 0 6 ] 11 U>XP*<Z)1 1 U>Xtt. 1 Hi 

*R*ai-rc:i:*SRrffifc:3S:Sfe«>, iSJRJRJItflSSUic < 
*fcfcfllHntt#*t<fc3i:, l5lx>XS©P 
>Xg#*S<«c?K IEU>X£<fcaSifc©iK3!#IS£ 

acDS«r***#om<*u>X*^5 u>X*fc:BB«UT 

[0007] &*c, mia#*ffa;k:ot>TKwrso ^ 

ffS; (1) tt, *5 U>X»+©»^ft©JB#f*r*l*o 



(1) ©Ti^M^h, ftCDfflWAaFaKttD-rt? 
T> ISf, SitK^£«L^l/>Xi:fc£o i»lc*ff 
it (1) fiD±E*S;L£i:* •(Z)jB«f*r* s B* 0, 15 
U>XP©jEU>XT-«*^Sii5*iR^©ffliE* s ^+^ 

k«cs. (2) mi u>x#osat£ft^y-- 
•BH*aje-rs*©7?»s. a&frsc (2) ©tps^sx. 

St (2) 0_hK£M;tSh, 12, S4l/>X»^*4 
■TS^CDMffliRIIS:^ 1 U>XWT-MiEUtn«i:<*C . 

- 1 < (R,-R z ) / (R 
0. 1< (R al -Ra2) / 
& S & W= *I^tSCi:WSLK 
[0011] ( 7 ) tt, » 1 1/ >XW*©« 1 U 



[0008] *woS ( 3 ) a, 12^ >x»oattft^ 

7-«i*a^tSt)©tfeSo ^f*S (3) ©Tl&£ 

&S G ikfc^ffS; (3) <D±l&*jg;?.£^ ^y*y^_ 

(4) H\ $ 1 U>XSfci3 l/>XiffcDlMKOl 
3»«:JB*f*SB^*a^a*<Z)T-*So Ifef** (4) CD 

JKfcSfeffa (4) ©±IB4iSx.3 

13 \s>xm<Dmm*jifim 1 b>xi0M^t^f 

[ 0 0 0 9 ] ^ffS (5) It S2 l/>XSkS4l/> 

x»©M^Ejijio«a*jB#f*ia^*^Ts*©T-ft 

^COtrfeSo ^frxC (5) C9TfK££i;LSh, I41/V 
X»©JBW*/r s »2 1/>X»©JB*f*rfc:*rLT, fflttW 

So ajfclfefrS; (5) CD±l&£@;LSh, 12 l/>X : ff 
©M^^I4 U>X#0JBW;&£*tUT. «*t»tS 

So (6) fcfc, 15 U>XWoatt«c^7-«H 

*aStS*Ot-fe5- a&PFSC (6) CDTPM£££x.S 

(6) ©±R4fi^Sh, U>XgOffi*, 
U>X»©ft*ft*ffl<. 
[0 0 10] mc. #*S|IJlC*5^Tfcfc, 
R { : 1 1 U>XM^(Om 1 1/>X<Z>1 1 ®ffl"JL/>Xffi 



R 2 : 1 1 V >XPf ©1 1 U >XC0l 2 ffifij U >Xffi 
R al : 15 \s>Xmtp<D9Li*]s>X<Dn 1B1«#I® 
Ra, : 15 U>XPi*i©»#;l/>X0»2B««l*ffl© 

i+Rz) <0 •••• (7) 

(Ral+'Raz) < 1 • 0 •••• (8) 
S o 

[0 0 12] jfefrSC (8) «U 15 U>X8¥^©r^U 



frSC (7) ®±|R*jtt*Si:, 1 1 l/>X©»2B«l/ 
>XMR z Tr<Z)JBiffftffl4 s , 1 1 M) u >Xfffi R |T?CDJS 

A»«c«IE-rsci:*«T?*«c^. attjfcffSC (7) CDT 
KB S M x. S h , «4**I0 o *> © ffi fS^SS £ *f L T U > X 



ftac (8) <D£m*m?Lz>b, ^m^yxo^mzm 

gffei^o ifitc^fta; (8) ©TR*jB;L*i:, M»b> 
So «*l^>X0giliffHIHi«Wri1iR a ii:tt, 

u >xcofB i wmicmm-z u >x^-t©i 2 rmflw 
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R a2 h tt , SttfiM*U>XO»2HS « ic »8t5U> X 

m^-om i Mfflju >X(ii(c^5LT^^o 

[00 13] #«Wfc*$(*S*2 U>XW«U fi 

&2f? 1 Hfflfc«*«2B«£#lcftl/>Xfttf U l£r3g 
gl/VXcoP^ltc, Slffl«*€»IR«c, IEl/>Xh 2 «C6D 
fll/>Xi:*'J>fc< fc**fr SCtW-JIK ii-fefl 
lHHHfcEBSftSfll'^Xfc, S«£2ffifl!JicEB3 

So ^ne>©paAi/>x©wicEK*nsifnu>xw 

©d^, £ 2 HfllfcEBSftS 2 tfc©«U>Xtt. ftffi 
»ffl(0*tjEfc«#U *lffl««CE«*nSIEU>X 
tt, J6 2ffi«fcEBSft*2tt<D«lx>X^»£-rsffi 

[0014] *«ffitC*JOTtt, 

/? : »K***©ae«* 

NA :a«**«©fft««*HPRi:-rai:*, 
0. 12 5 <-/5<0. 17 5 •••• (9) 
0. 6 5 < N A •••• (10) 

[0015] ( 9 ) fcfc. ai£%¥»<Z>ai2f3*<Z) 

aiiE*«H*«3eLfc*©T?*S. *fl=SC (9) 0Ti 

»2ffi±(3DK*aafc:»LT»iffi±cDa 

<ft^ 0 JBfc*fra (9) ©±K*jBx.S£:, MP«* 
©3»**+»fc:«»-r«fc«>ttt, gfef^S; (10) £88 

[0016] g=&, **mifcj:, ^x*±£jfc/jRsn&ia 

a»***tct 5SB2n«cfflB*»*n3fe«*tt*«^ 
*->©«*«*tttts±^ai?«*raa*«**ffi 
go sb v * ^ j : <o m iaiaK^*->*«i^s£fc*4$« 

[0017] 

[»W<Z)*«©fl&ffi] *ftiH©*J6®JBJ»*BIBnt: J: o 
TKlfl-rSo 121 1 (4*«K«C J: 5fi»*¥»*««Lfc 
aK«**H©-M4^-r. i^^Rttu^^ux^ 



^ I S©rt«Bic:EB*ns*«fc Lttt, 0!l;L«K r 
Fx^y — if- (*;C*12 4 8. 4 nm) 

[ooi8]iTOiF*iiifc*it a##*m 
f«c, Frt©^^->©«*«s*ra. ate 

f (ommjj ic . a«#** p l ©a«f8* t u & 
*j e> , :a UTAHW«« i Fst/iwiE f zmmjj 

tft^<*ft£o fc*>\ 12 lT-tt^*5S©B#*B**L 

[0 0 19] *«Wt«t5aK***©»l«li 
«*H2Jc5 1 %-ro u0UK***tt, unrjuRWfrb 
lit, IE0H*f*r*KFO^l l/>X»G„ ft^^^fyt; 
*J*o^2 U>X»G 2 , IE©JEa*f**}*o^3 U>X 
PG 3 , ft®a«f*S»^»4 U>XS¥G 4 . &I>'IE<Z)JS 
*f^J*^o® 5 l/>X»G 5< fc OfllJffi^ftT^So IBP 
jROAStt, l4 1/>XSG^|5 1/>Xg|G 5 h0P^ 
GD^ES^lCEB^tlTl^o 

[0 0 2 0] SI UVXSGjfcJU L^^;uR«*>S>li 
ic, u^^;uR«tDaffi*lRi»feft><-^*^ U VXL 

2feCDf^£bb>XL 12 , L 13 4:, l^*;i/Rfl!JlC 
QH*ra^&iE^=^^^ l/>XL, 4 i: ttT 
t^^o S2 1/>XSG 2 (t U^^;i/RfjJ^^Hi(c, u 
^■^;uRflUcCiffi4ip|Wfeft^-^*^ u>XL 21 h> 
*fiflU>X8¥L z2> L23. L 24 ^:. ^{HH/>XL 25 ^^ 
ibmmZft, ^(Do%. *P^JU>X^L 22 , L 23 . L 24 
It. f^dbl^>XL 22 h, U^^il/RflUC^ppSSlRlWfc^P 
Ejl/>XL 23 h, iHEIU>XLss4i:*»e>l»J5K$ixTl^ 

& o 

[0 0 2 1 ] SB 3 l/>XSG 3 li, U^^;i/RfiJ^e>HI 
L/^d7;i/RflJJCC3BS*lRUtfeIE^-^*^ U>XL 
31 h. l/f-^;i/R#J^ElM?:fqJ(tfeft^-^^XU>X 
L 3 jj k: . U ^ ^ ; i/ R fflj ic E3 H * ftU i t fe IE ^ ^ X * b > 
XL 33 h, 2ttCDWfll/>XL34, L M i:, U^^;i/R 

H ic a II 4 IrI » fc IE ^ - X ii * u > X L 36 1 * e» f 8 /S- $ 
fttl-^o S4 1/>XSG 4 lt U^^;i/RWfr?)JB 
iC, l/^^^R«J«Cflffi*|fil»*:2tt(3Dft^-X5!7X U 
>XL 4h L 42 i:. PulHlU>XL 4 3i:, U^^;i/Rffl(c 
G3BS4lRl»fc*^-X*x U >XL, M h, U^^;i/RfjJ 
ic IH1 TA1 * |SJ ( t fc IE ^x7v^xi/>XL, 5 i:^^ fff £ ti 
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[ 0 0 2 2 ] gS5 L/>X»G 5 fcJ\ U^*;i/R«4» &JB 
IE 4 f^J { t H ^ - * # * U > X L 5 3 k , ^ ; 1/ R ffifc 

56 . L 57 h, u^^;i/RfjJ(caffl^fp]{-tfegi^^x^x 

^ b >XL 59 h^^fS^c^tiTC^^)o 1/ VXI^tf)^ 
;\fl]l/>XfflR al h, U >XL 53 6D >XI 

RazkjW^^VXLatf, 1 tcv^ft^U 

vxici^^r^o *mmmT~ izm 

ILT^^ L7^^oTMf*l/>XL a CDM*k(±^^ 

[ 0 0 2 3 ] VXTCDWk 1 !g 1 ^mmcomit^ir o 
^1CD [>>Xfg^] «t», S§ IfflIN o&U^;i/R#Jfr 
6©^b>Xffi£)^-f\ ^2fflr te^b>Xffitf)ffl^ 

«fc-rix>x©#^- *mt>To t^tcd 

l/>X©«»tt^j«535 (SiO z ) T-feD, t&BttJt 
( 2 4 8. 4 nm) tf©^53E©JB*f*tt 1 - 508 

(« (i) - do) *©y^^-^cD«*^"ro * 

-To 

[ 0 0 2 4 ] 

[gtl] [l/>X«5n] 



No 
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d 
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oo 


77.00745 
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-316.80536 


17.00000 


Ln 
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-381.58931 


36.53146 
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3046.36500 


24.38928 


L« 
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-356.62054 


1.00015 




5 


444.02169 


21.95754 


L 13 


6 - 


2230.97622 


9.38030 
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268.33737 


23.05503 


L,4 
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1568.47000 


1.10722 
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222.71138 


29.96081 




10 


124.08876 


25.43125 




11 


1905.46000 


24.41063 




12 


-402.40299 


12.58297 




13 
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21.47486 




14 
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15 


-206.60118 


17.27131 
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288.93481 
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17 


-162.59450 
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34.08137 


L31 


20 


-179.50957 


3.50123 




21 


-167.16306 


31.34764 


L 32 


22 


-224.82955 


19.07136 




23 - 


-7284.38447 


30.00946 


L33 
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-350.63077 


1.00000 




25 


880.58158 


33.42018 


L 34 


26 


-541.42526 


1.00000 




27 


460.09165 


27.86214 


L 35 


28 - 


•4951.72173 


1.00000 




29 


272.88427 


26.68882 


L 36 


30 


749.44712 


1.00000 




31 


193.76569 


27.17713 


L 4 , 


32 


147.08315 


8.63376 
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180.52612 


17.00000 


L 42 
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139.06226 
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35 


-320.44898 


17.00000 


L 43 
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230.36897 


38.38837 




37 


-161.01657 


40.62542 


L 44 
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2160.00691 


32.22632 
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-448.39100 


32.14411 


L45 
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-229.68284 


9.53811 




41 


932.22312 


37.92112 


L51 
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-363.67598 


1.00000 
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357.06212 


35.91263 
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2283.02262 


39.41909 


La 
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-215.10777 


26.94599 


L 53 


46 


-229.41098 


1.00000 




47 
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48 


1741.37200 


1.00000 




49 


203.79443 


29.25044 
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50 


415.84748 


1.00000 




51 


167.78826 


32.53758 


L 56 


52 


256.92826 


2.25953 




53 


142.58880 


35.71130 


L57 


54 


425.70015 


3.90128 




55 


693.88979 


33.01706 


L 58 


56 


70.74079 


6.63440 




57 


73.44708 


51.00000 


L 59 


58 


576.75639 


9.10000 




59 


00 




W 
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"F a /L = 
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(2) 


F,/L=0. 
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(3) 


-F 2 /L = 


0.055 




(4) 


F3/F, = 0 


.707 




(5) 


F,/F 4 = 0 


.453 




(6) 


F 5 /L=0. 


108 




(7) 


(Ri-Rz) 


/ (R,+ R 2 ) =- 


(8) 


( R aJ — R„2 


) / (R.. + RJ 
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(9) -/?=o. 166667 

(10) NA = 0.75 

[ 0 0 2 5 ] fcjc, J:a«K3te*3R©»2*JE 
WSHSJCS-To *l*JE«li:©iftffla^tt. 121/ 
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